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Open access under the ElsBioactive naphthoquinone-derived heterocyclic compounds have been prepared. Herein, we describe the
semisynthesis of a new phenazine, through modiﬁed Hooker’s reaction, using lapachol as a precursor.
This compound was characterised by 2D NMR spectroscopy methods and X-ray analysis.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Heterocyclic compounds present a great structural diversity
that justiﬁes the development of new synthetic methods to pre-
pare these complex substances. Therapeutic agents containing
nitrogen heterocycles are used against several diseases.1 Nitrogen
heterocycles with pharmacological activities including triazoles,2
tetrazoles,3 quinoxalines,4 phenazines5 and imidazoles6 are exten-
sively employed in medicinal chemistry.
We have recently reported the syntheses of diazaazulenones,7
spirolactones,8 b and nor-b-lapachone-based 1,2,3-triazoles,9 mac-
rolactones,10 imidazoles and phenazines11 as part of our ongoing
studies of the chemical reactivity of naphthoquinones (NQs). The
use of lapachol (1) as a precursor for new compounds with phar-
macological activity represents the focus of several research
groups including ours (Scheme 1).12
Among the compounds studied by us, the Hooker’s phenazine
obtained from b-lapachone has been known since 189313 but its
spectroscopic data were reported in the literature only recently.14rt), eufranio@ufmg.br, eufra-
evier OA license.Phenazines derived from lapachol (1) and lapachone have been
shown to possess activities against causative agents of neglected
diseases, for instance, Mycobacterium tuberculosis15 and Plasmo-
dium falciparum.16 We have recently studied the reactivity of lapa-
chol (1) when submitted to reaction with ortho-phenylenediamine
in acid conditions.17 As previously described (see Supplementary
data), phenazine 2 was obtained as red crystals in excellent yields
by the reaction of 1 with the diamine in acetic acid (Scheme 2).
During the course of this reaction, in acetic acid reﬂux condi-
tions, a complex mixture of products was obtained (for experimen-
tal details see Supplementary data). After fractionation using silica
gel column chromatography, three main compounds were isolated
(Scheme 3). Spectroscopic data for substances 2 and 3 are in accor-
dance with literature.14 The structure of 4 was determined using
1D and 2D NMR spectroscopy and elemental analysis and con-
ﬁrmed by X-ray diffraction. Its ring numbering scheme is shown
in Scheme 3.
The assignment of the 1H and 13C signals was based on two-
dimensional NMR experiments including NOESY, COSY, HSQC
and HMBC.
The very ﬁrst and unequivocal assignment is related to H-15
(d 7.79, dd, J 1.76 and 7.89 Hz) that showed a correlation with
the geminal methyl hydrogens at C-6 (d 1,89, s), in the NOESY con-
tour plot. In the left aromatic spin system (A), the more deshielded
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Scheme 2. Synthesis of phenazine 2 from lapachol (1).
2416 M. J. da Silva et al. / Tetrahedron Letters 52 (2011) 2415–2418H-1 was displayed as a complex multiplet at d 8.87–8.92. The third
spin system composed by the two methylene groups stays on two
complex multiplets at d2.89–2.95 and d 2.00–2.05 ranges, assigned
to H-7a,b and H-8a,b, respectively. The COSY contour plot well de-
ﬁned the three different spin systems. These assignments promptly
allowed the 13C ones in the HSQC contour plot and the non-proton-
ated carbons were deﬁned by the HMBC contour plot. For the total
NMR assignments see Supplementary data.
Of the compounds shown in Scheme 3, the previously unknown
4 is structurally interesting due to its similarity to bioactive com-
pounds reported in the literature18 and to natural products such
as sampangine,19 an important substance with potent antitumor
activity20 (Fig. 1). A survey of the literature shows that compoundN
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Scheme 3. Reaction of lapachol (1)4 presents a structure which, in general, could be obtained by mul-
ti-step synthetic routes. Having in mind that 4 could be obtained
from the cyclisation of compound 2, we directed our efforts, in
an attempt to verify this assumption.
Hydroaminations can be accomplished using proton catalysts
such as sulfuric acid, iodidric acid and other Brønsted acids21 and
the employment of a Lewis acid catalyst was also recently re-
ported.22 Komeyama et al. have described that the intramolecular
hydroamination of inactivated oleﬁns was obtained through the
use of a FeCl3 catalyst.23 In the scope of this reaction, we initially
investigated the possible cyclisation of 2 to 4, using sulfuric acid
but only the compound 3was obtained (for details see Supplemen-
tary data). Then, we used p-toluenesulfonic acid in reﬂuxing tolu-
ene for 6 h and obtained 3 and traces of 4. Finally, we used,
successfully, FeSO47H2O in AcOH to obtain the cyclised product
4 in 40% yield (Scheme 4), but the phenazine 3 was also obtained
in 52% yield (for experimental details see Supplementary data).
The structures of crystalline 2 and 4 [purple crystals (2) and red
crystals (4)] were conﬁrmed by X-ray crystallographic analyses.
Ortep-3 diagrams of the molecules are shown in Figure 2.
As part of our ongoing studies aimed at the preparation of new
heterocyclic moieties, we believe that this strategy to obtain a
polycyclic phenazine will be useful to elaborate new routes for
synthesis of naturally occurring polycyclic quinonoid alkaloids.N
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Figure 2. The molecular structures of 2 (a) and 4 (b) showing 50% displacement ellipsoids. The dashed lines in 2 show the N–HO and C–HO hydrogen bonds to the
acceptor O atom of an adjacent molecule generated by the symmetry operation (i) = ½  x, y ½, ½  z.
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Scheme 4. Preparation of the polycyclic phenazines 3 and 4 from compound 2.
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Both the structures were solved by direct methods and opti-
mised by full-matrix least squares reﬁnements. The N-bound H
atom in 2 was located in a different map and freely reﬁned and
all the C-bound H atoms were placed geometrically and reﬁned
as riding. Table 1 (Supplementary data) shows crystal data and
structure reﬁnement parameters for both compounds and full de-
tails (CIF ﬁles) are available as Supplementary data.
Supplementary crystallographic data have been deposited into
the Cambridge Crystallographic Data Center as supplementary
publication no. CCDC 290798 for compound 2 and CCDC 290797
for compound 4. Copies of available material can be obtained, free
of charge on application to the Director, CCDC, 12 Union Road,
Cambridge CH21EZ, UK (fax: +44 1223 336 033 or e-mail: depos-
it@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk)
Acknowledgments
This work was supported by CNPq (National Council of Research
of Brazil), CAPES, FAPERJ, PRONEX/FAPEAL/CNPq, UFAL, USP, UFRJ
and UFMG. The authors are also indebted to the PRONEX-FAPERJ
(E-26/110.574/2010). Dr. E.N. da Silva Júnior also would like to
thank Dr. Brenno A.D. Neto for discussions.
Supplementary data
Supplementary data (experimental procedures, characterisation
details, X-ray structural analyses, copies of 2D NMR spectra ofcompounds) associated with this article can be found, in the online
version, at doi:10.1016/j.tetlet.2011.03.006.
References and notes
1. Eicher, T.; Hauptmann, S. The Chemistry of Heterocycles: Structure, Reactions,
Syntheses and Applications, 2nd ed.; Wiley-VCH: Weinheim, 2003.
2. Tripathi, R. P.; Yadav, A. K.; Ajay, A.; Bisht, S. S.; Chaturvedi, V.; Sinha, S. K. Eur. J.
Med. Chem. 2010, 45, 142.
3. (a) Biot, C.; Bauer, H.; Schirmer, H.; Davioud-Charvet, E. J. Med. Chem. 2004, 47,
5972; (b) Crosby, D. C.; Lei, X.; Gibbs, C. G.; McDougall, B. R.; Robinson, W. E.,
Jr.; Reinecke, M. G. J. Med. Chem. 2010, 53, 8161.
4. Hu, B.; Unwalla, R. J.; Goljer, I.; Jetter, J. W.; Quinet, E. M.; Berrodin, T. J.; Basso,
M. D.; Feingold, I. B.; Nilsson, A. G.; Wilhelmsson, A.; Evans, M. J.; Wrobel, J. E. J.
Med. Chem. 2010, 53, 3296.
5. Neves-Pinto, C.; Malta, V. R. S.; Pinto, M. C. F. R.; Santos, R. H. A.; de Castro, S. L.;
Pinto, A. V. J. Med. Chem. 2002, 45, 2112.
6. de Moura, K. C. G.; Emery, F. S.; Neves-Pinto, C.; Pinto, M. C. F. R.; Dantas, A. P.;
Salomão, K.; de Castro, S. L.; Pinto, A. V. J. Braz. Chem. Soc. 2001, 12,
325.
7. Emery, F. S.; Pinto, M. C. F. R.; de Simone, C. A.; Malta, V. R. S.; da Silva Júnior, E.
N.; Pinto, A. V. Synlett 2010, 1931.
8. da Silva Júnior, E. N.; de Simone, C. A.; de Souza, A. C. B.; Pinto, C. N.; Guimarães,
T. T.; Pinto, M. C. F. R.; Pinto, A. V. Tetrahedron Lett. 2009, 50, 1550.
9. (a) da Silva Júnior, E. N.; Guimarães, T. T.; Menna-Barreto, R. F. S.; Pinto, M. C. F.
R.; de Simone, C. A.; Pessoa, C.; Cavalcanti, B. C.; Sabino, J. R.; Andrade, C. K. Z.;
Goulart, M. O. F.; de Castro, S. L.; Pinto, A. V. Bioorg. Med. Chem. 2010, 18, 3224;
(b) da Silva Júnior, E. N.; Menna-Barreto, R. F. S.; Pinto, M. C. F. R.; Silva, R. S. F.;
Teixeira, D. V.; de Souza, M. C. B. V.; de Simone, C. A.; de Castro, S. L.; Ferreira, V.
F.; Pinto, A. V. Eur. J. Med. Chem. 2008, 43, 1774; (c) da Silva Júnior, E. N.;
Cavalcanti, B. C.; Guimarães, T. T.; Pinto, M. C. F. R.; Cabral, I. O.; Pessoa, C.;
Costa-Lotufo, L. V.; de Moraes, M. O.; de Andrade, C. K. Z.; dos Santos, M. R.; de
Simone, C. A.; Goulart, M. O. F.; Pinto, A. V. Eur. J. Med. Chem. 2011, 46, 399; (d)
da Silva Júnior, E. N.; de Moura, M. A. B. F.; Pinto, A. V.; Pinto, M. C. F. R.; de
Souza, M. C. B. V.; Araújo, A. J.; Pessoa, C.; Costa-Lotufo, L. V.; Montenegro, R. C.;
de Moraes, M. O.; Ferreira, V. F.; Goulart, M. O. F. J. Braz. Chem. Soc. 2009, 20,
635.
2418 M. J. da Silva et al. / Tetrahedron Letters 52 (2011) 2415–241810. Goulart, M. O. F.; Cioletti, A. G.; de Souza Filho, J. D.; de Simone, C. A.;
Castellano, E. E.; Emery, F. S.; de Moura, K. C. G.; Pinto, M. C. F. R.; Pinto, A. V.
Tetrahedron Lett. 2003, 44, 3581.
11. (a) Menna-Barreto, R. F. S.; Corrêa, J. R.; Pinto, A. V.; Soares, M. J.; de Castro, S. L.
Parasitol. Res. 2007, 101, 895; (b) Silva, R. S. F.; Pinto, M. C. F. R.; Goulart, M. O.
F.; de Souza Filho, J. D.; Neves Júnior, I.; Lourenço, M. C. S.; Pinto, A. V. Eur. J.
Med. Chem. 2009, 44, 2334; (c) da Silva Júnior, E. N.; Pinto, M. C. F. R.; de Moura,
K. C. G.; de Simone, C. A.; Nascimento, C. J.; Andrade, C. K. Z.; Pinto, A. V.
Tetrahedron Lett. 2009, 50, 1575.
12. (a) da Silva Júnior, E. N.; de Souza, M. C. B. V.; Pinto, A. V.; Pinto, M. C. F. R.;
Goulart, M. O. F.; Barros, F. W. A.; Pessoa, C.; Costa-Lotufo, L. V.; Montenegro,
R. C.; de Moraes, M. O.; Ferreira, V. F. Bioorg. Med. Chem. 2007, 15, 7035; (b)
da Silva Júnior, E. N.; de Souza, M. C. B. V.; Fernandes, M. C.; Menna-Barreto,
R. F. S.; Pinto, M. C. F. R.; Lopes, F. A.; de Simone, C. A.; Andrade, C. K. Z.;
Pinto, A. V.; Ferreira, V. F.; Castro, S. L. Bioorg. Med. Chem. 2008, 16, 5030; (c)
da Silva Júnior, E. N.; de Deus, C. F.; Cavalcanti, B. C.; Pessoa, C.; Costa-Lotufo,
L. V.; Montenegro, R. C.; de Moraes, M. O.; Pinto, M. C. F. R.; de Simone, C. A.;
Ferreira, V. F.; Goulart, M. O. F.; Andrade, C. K. Z.; Pinto, A. V. J. Med. Chem.
2010, 53, 504; (d) Lourenço, A. L.; Abreu, P. A.; Leal, B.; da Silva Júnior, E. N.;
Pinto, A. V.; Pinto, M. C. F. R.; Souza, A. M. T.; Novais, J. S.; Paiva, M. B.; Cabral,
L. M.; Rodrigues, C. R.; Ferreira, V. F.; Castro, H. C. Current Microbiology 2011,
62, 684; (e) Menna-Barreto, R. F. S.; Henriques-Pons, A.; Pinto, A. V.;
Morgado-Diaz, J. A.; Soares, M. J.; de Castro, S. L. J. Antimicrob. Chemother.
2005, 56, 1034.
13. Hooker, S. C. J. Chem. Soc. 1893, 63, 1376.
14. (a) Benedetti-Doctorovic, V.; Escola, M.; Burton, G.Magn. Reson. Chem. 1998, 36,
529; (b) Carvalho, C. E. M.; Brinn, I. M.; Pinto, A. V.; Pinto, M. C. F. R. J.
Photochem. Photobiol., A 2000, 126, 25.15. Coelho, T. S.; Silva, R. S. F.; Pinto, A. V.; Pinto, M. C. F. R.; Scaini, C. J.; de Moura,
K. C. G.; Silva, P. E. A. Tuberculosis 2010, 90, 293.
16. Andrade-Neto, V. F.; Goulart, M. O. F.; da Silva Filho, J. F.; da Silva, M. J.; Pinto,
M. C. F. R.; Pinto, A. V.; Zalis, M. G.; Carvalho, L. H.; Krettli, A. U. Bioorg. Med.
Chem. Lett. 2004, 14, 1145.
17. Hooker, S. C. J. Am. Chem. Soc. 1936, 58, 1181.
18. (a) Sobarzo-Sanchez, E.; Cassels, B. K.; Castedo, L. Synlett 2003, 11, 1647; (b)
Sobarzo-Sanchez, E.; Cassels, B. K.; Castedo, L. Magn. Reson. Chem. 2003, 41,
545; (c) Zoorob, H. H.; Berghot, M. A.; Abou-Elzahab, M. M.; Amer, F. A.
Mansoura Sci. Bull., A: Chem. 2002, 29, 129; (d) Camara, C. A.; Silva, T. M. S.; da-
Silva, T. G.; Martins, R. M.; Barbosa, T. P.; Pinto, A. C.; Vargas, M. D. An. Acad.
Bras. Cienc. 2008, 80, 329.
19. (a) Rao, J. U. M.; Giri, G. S.; Hanumaiah, T.; Rao, K. V. J. J. Nat. Prod. 1986, 49, 346;
(b) Vasilevsky, S. F.; Baranov, D. S.; Mamatyuk, V. I.; Gatilov, Y. V.; Alabugin, I.
V. J. Org. Chem. 2009, 74, 6143.
20. Barrett, J. F.; Klaubert, D. H. Annu. Rep. Med. Chem. 1992, 27, 149.
21. (a) Anderson, L. L.; Arnold, J.; Bergman, R. G. J. Am. Chem. Soc. 2005, 127, 14542;
(b) Rosenfeld, D. C.; Shekhar, S.; Takemiya, A.; Utsunomiya, M.; Hartwig, J. F.
Org. Lett. 2006, 8, 4179; (c) Schlummer, B.; Hartwig, J. F. Org. Lett. 2002, 4,
1471–1474; (d) Li, Z.; Zhang, J.; Brouwer, C.; Yang, C. G.; Reich, N. W.; He, C.
Org. Lett. 2006, 8, 4175.
22. (a) Ackermann, L.; Kaspar, L. T.; Gschrei, C. J. Org. Lett. 2004, 6, 2515; (b) Kaspar,
L. T.; Benjamin, F.; Ackermann, L. Angew. Chem., Int. Ed. 2005, 44, 5972.
23. (a) Komeyama, K.; Morimoto, T.; Takaki, K. Angew. Chem., Int. Ed. 2006, 45,
2938; (b) Michaux, J.; Terrason, V.; Marque, S.; Wehbe, J.; Prim, D.; Campagne,
J.-M. Eur. J. Org. Chem. 2007, 2601.
